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Study objectives: This study was aimed at assessing health-related quality of life
(HRQL) in patients with chronic respiratory failure (CRF) and long-term survival
following prolonged intensive care mechanical ventilation.
Design: Observational cohort study.
Setting: Patients with CRF who had been transferred to our specialized weaning
centre due to prolonged mechanical ventilation (414 days) and weaning failure.
Patients and participants: Out of 87 long-term survivors (46 months), 73 patients
(mean age: 60.3713.6 years, chronic obstructive pulmonary disease (COPD, 43%),
thoraco-restrictive (21%) or neuromuscular disorders (15%), various chronic diseases
(22%)) returned the MOS 36-Item Short-Form Health Status Survey (SF-36) and the St.
George’s respiratory questionnaire (SGRQ).
Measurements and results: The total ventilation time was 38.7745.9 days. The
time between discharge from ICU and HRQL assessment was 31.0722.2 months.
Physical health was markedly reduced compared to general population norm, but
mental health was mildly impaired. HRQL was comparable to patients with stable
CRF receiving non-invasive ventilation who did not need prolonged invasive MV. In
addition, general HRQL was better in patients with restrictive respiratory disease
compared to patients with neuromuscular diseases (Po0:05). PhysiologicalElsevier Ltd. All rights reserved.
nover Oststadt, Medizinische Klinik 2, Abteilung fu¨r Pneumologie und Intensivmedizin, Klinikum
30659 Hannover, Germany. Tel.: +49 511 7906332; fax: +49 511 7680721.
@t-online.de (B. Scho¨nhofer).
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S. Euteneuer et al.478parameters such as blood gases or lung function parameters were not correlated to
any HRQL measurements.
Conclusions: In patients with CRF surviving prolonged ventilation on ICU, the
presence of CRF itself is the major determinant of HRQL. Here, the underlying cause
of CRF is the major factor which determines the degree of HRQL impairment with
patients suffering from restrictive ventilatory disorders reporting the best HRQL
when compared to patients with COPD or neuromuscular diseases. Despite severe
physical handicaps due to CRF mental health is only mildly compromised.
& 2005 Elsevier Ltd. All rights reserved.Introduction
Evaluation of health-related quality of life (HRQL)
has become steadily more essential in research and
health care practice in order to evaluate the human
and financial costs and benefits of modern medical
techniques.1 Accordingly, outcome research in
critically ill patients has changed from former pure
survival-analysis to complex investigations includ-
ing evaluation of HRQL.
In patients surviving acute respiratory failure
HRQL was only measured in patients requiring short
periods of mechanical ventilation (MV).2–8 There
are, however, 3–10% of patients admitted to an
adult intensive care unit (ICU) with chronic
respiratory failure (CRF) requiring prolonged MV.9
Up to now only few studies have focused on HRQL in
these long-term ventilated and difficult to wean
patients,10–12 and it is still unclear if and to what
extent HRQL is impaired in patients in whom
prolonged MV and recurrent weaning failure oc-
curred after an acute deterioration of their CRF.
Therefore, the objective of the present study was
to evaluate HRQL and its influencing factors in long-
term survivors following prolonged MV and recur-
rent weaning failure.Methods
Long-term survivors (46 months) who had been
transferred to our national weaning centre13 with-
out multiple organ failure, haemodynamic instabil-
ity, end-stage renal failure requiring haemodialysis,
or the need for surgical care between January 1990
and December 1999 were included (Fig. 1). The
individual patient characteristics registered in the
present study are listed in Table 1.
Four main diagnostic groups of CRF were differ-
entiated: chronic obstructive pulmonary disease
(COPD), restrictive respiratory disease (i.e. scolio-
sis, post tuberculosis syndrome), neuromuscular
disorders and various other diseases (obesity-
hypoventilation, chronic congestive heart failure,
central hypoventilation syndrome). Weaning suc-cess was defined as survival for at least 7 days
without invasive MV. Initiation of non-invasive
ventilation (NIV) did not conflict weaning success.
NIV was initiated in successfully weaned patients if
hypercapnia persisted or reverted after 24 h of
spontaneous breathing (COPD: PaCO2450mmHg;
restrictive respiratory or neuromuscular diseases:
PaCO2 445mmHg) applying pressure or volume
targeted ventilators.14 Patients with residual hy-
poxemia (COPD: PaO2 o55mmHg or SaO2 o88%)
were started on long-term oxygen therapy
(LTOT).15
The patients or their relatives were contacted by
telephone for follow-up information between July
1999 and April 2000. Survival data and analysis of
predictors for survival time have been published
previously.16 Long-term survivors were sent the
MOS 36-Item Short-Form Health Status Survey (SF-
36)17 and the St. George’s respiratory questionnaire
(SGRQ)18 as well as a consent-form. If patients did
not return the questionnaires within 4 weeks they
were re-contacted by telephone.
HRQL assessment
The SF-36 is a well validated and widely used
multipurpose survey of general health status with
results being available for ICU populations,2,3,8
patients with CRF due to COPD,19 as well as healthy
reference populations.20 In addition, The SF-36 is
discriminative when comparing patients receiving
NIV with different underlying causes of CRF.21 The
SF-36 consists of 36 items on eight subscales
measuring different aspects of general health:
Physical Functioning, Role Physical, Bodily Pain,
General Health, Vitality, Social Functioning, Role
Emotional, Mental Health. In each subscale a
standardized score between 0 and 100 is produced,
with lower scores indicating poorer health or higher
disability. The scales can be aggregated to two
summary measures (PCS ¼ Physical Component
Summary, MCS ¼ Mental Component Summary). In
the present study, the well validated German
version of SF-36 was used.22,23 General norms of















73 answered questionnaires (84%)







< 6 month 37
87 survival >6 month
Figure 1 Patient collective of the present study: 640 patients were admitted between January 1990 and December
1999, 403 patients were included to the weaning programme, 124 patients survived until end of follow-up period (April
2000). Out of these 124 surviving patients 87 were discharged more than 6 months ago and were, therefore, included
into the present study.
Table 1 Patient’s characteristics.
n Mean 7SD Median Quartiles
Age (years) 73 60.3 13.6 62.1 58.0 69.4
MV before admission (days) 72 32.3 38.6 23 13.5 34.5
Duration of weaning (days) 64 6.2 7.7 5 2 7
Length of ICU stay (days) 73 19.0 13.9 17 9 22
Length of weaning centre stay (days) 73 26.3 15.6 22 14 33
APACHE 2 Score at admission 61 15.3 4.1 15 13 18
PaO2 at admission (mmHg) 46 46.9 8.9 47.9 40.0 52.0
PaCO2 at admission (mmHg) 46 50.5 9.5 53.0 40.7 58.0
PaO2 at discharge (mmHg) 55 58.0 12.0 58.0 50.0 65.0
PaCO2 at discharge (mmHg) 55 42.9 8.0 41.0 37.0 48.5
FEV1 at discharge (L) 40 1.24 0.53 1.15 0.73 1.60
PImax at dicharge (cm H2O) 46 42.9 22.1 39 27 53
MV ¼ mechanical ventilation. PaO2 (partial pressure of oxygen) and PaCO2 (partial pressure of carbon dioxide) were measured
during spontaneous breathing of room air; here, best blood gases values are given.
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participants22 as well as for a sub-sample of
patients with chronic lung disease (n ¼ 171; age
49.27719.57 years, 63.1% female). From this
general norms age- and sex-matched norms
were selected for comparison with our results.
Here, the PCS is 46.26710.24 and the MCS
is 52.2778.14. For comparison to standard-
populations, z-values are calculated for each
health dimension. Compared to the norms positivez-values represent a higher HRQL and negative
values represent a lower HRQL.
Out of the 50 items in the COPD-specific SGRQ18
which has been successfully applied to critically ill
patients 12 three different subscale scores (activity-,
impact-, symptoms-score) and a total score can be
calculated. In contrast to the SF-36, higher scores
(maximum 100) indicate a more impaired health
status while lower scores (minimum 0) indicate a
higher HRQL.
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Neuromuscular disorder 11 15.1
Others 16 21.9
Reason for ventilation








Private home 36 49.3




S. Euteneuer et al.480Statistical analysis
Statistical analysis was performed using Statistica
5.5 software.24 Data were presented as mean7
standard deviation after testing for normal dis-
tribution by Kolmogorov–Smirnov test. For analysis
of differences between diagnostic groups, variance
analysis (ANOVA) and t-test for independent sam-
ples were used for SF-36 and SGRQ scores (all scores
except activity score were normally distributed,





Þ  10. Dif-
ferences between main diagnostic groups regarding
SGRQ scales were analysed using multivariate
ANOVA with time-difference between discharge
and HRQL evaluation as confounding factor. New-
man–Keuls and Scheffe´ tests were used as post hoc
tests. Analysis of correlation between scores and
physiological parameters were performed by using
Pearson product–moment correlation in case of
normal distribution of both variables. Otherwise
Spearman’s rank correlation was performed. In all
cases a two-tailed P-valueo0.05 was considered to
be significant. In case of multiple testing, P-value
was adjusted appropriately.Intermittent NIV only 24 32.9
Intermittent NIV and Oxygen 13 17.8




Totally immobile 11 15.1
Chair 9 12.3
Wheelchair 3 4.1
Walking frame 5 6.8
Mobile on the floor 5 6.8
Totally mobile 17 23.9
Missings 23 31.5
Patients with various other diseases suffered mainly from
obesity-hypoventilation, chronic congestive heart failure
and central hypoventilation syndrome. The main other
reason for ventilation was resuscitation. NIV (non-invasive
ventilation).Results
Patient characteristics
Seventy-three long-term survivors returned the
questionnaires (response rate 84%) (Fig. 1). The
time between discharge from ICU and HRQL
assessment was 31.0722.2 months. Demographic
and functional data of the 14 patients who did not
reply did not differ from the data of patients who
returned the questionnaires. Demographic and
functional data as well as data regarding MV are
given in Tables 1 and 2. The leading causes for
initial ventilation were acute on CRF (67%) and
ventilator dependency following surgery (14%). On
admission patients were characterized by hypox-
emia and hypercapnia (Table 1). Tracheostomy
was the predominant route for ventilation (42
patients/58%).
Sixty-eight patients (93%) of the long-term
survivors who returned the questionnaire were
successfully weaned from MV during their ICU stay
in our weaning centre. The other five (7%) patients
could not be weaned and were, therefore, dis-
charged on invasive MV via tracheostomy: Three
suffered from advanced neuromuscular disease,
one from COPD and one was not classified. At
discharge all patients had reduced lung function(Table 1). PImax as an indicator for respiratory
muscle strength was reduced below the 5th
percentile of normal values in most patients.25
Due to chronic hypercapnic respiratory failure 37
patients (51%) were discharged with NIV. More
patients suffering from neuromuscular (9 out of 11)
and restrictive lung disease (11 out of 15) were
supported with NIV than patients suffering from
COPD (10 out of 31), who more often were supplied



















































































Matched Norm Collective Chronic Pulmonary Disease
Weaning Patients (present study) NIV-Patients, Windisch et al. 2003
Figure 2 Eight dimensions of SF-36. Scores compared to matched general norm-population, patients with chronic
pulmonary disease22 and patients with elective NIV (n ¼ 226, from Windisch et al.21).
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Data on the SF-36 are given in Fig. 2 and Table 3.
The length of time between discharge and HRQL
evaluation did not affect scores in any of the SF-36
dimensions. In comparison to the reference popula-
tion all SF-36 dimensions were reduced; here, the
PCS was severely reduced (all Po0:009, Table 3),
but the MCS was only reduced in patients with COPD
and neuromuscular diseases (Po0:012) but not in
patients with restrictive ventilatory disorders. SF-36
scores were also reduced compared to a reference
population group with chronic lung diseases who
were not dependent on NIV or LTOT22 (Fig. 2).
However, although the scores of some subscales
were markedly reduced (Physical Functioning, Role
Physical), only mildly reduced scores were found in
other subscales (Pain, Mental Health). Interestingly,
all the scores in the current patients were highly
comparable to the scores of a historical collective
of patients suffering from CRF who electively
received NIV for home mechanical ventilation, but
who predominantly had not experienced prolonged
invasive MV previously21 (Fig. 2).
When quantifying the current patient’s score-
reduction to the matched German norm-collective
by multiples of standard deviation by cause of CRF,
neuromuscular patients had the largest negative
deviation of scores from the normal reference
population in all eight SF-36 dimensions (z-values
between 4.02 and 1.17), whereas patients with
thoracic restriction had scores very close to the
normal reference population (z-values between
1.83 and +0.10).PCS and MCS scores were different in patients
with different causes of CRF (P ¼ 0:040 and 0.049).
In PCS and MCS, patients with neuromuscular
disorders had lower scores than patients with
restrictive respiratory disorders (post hoc test: P ¼
0:039 and 0.012).
After adjusting the level of significance for
multiple testing (Po0:0036), none of the physiolo-
gical parameters were related to any of the SF-36
scores. Furthermore, the patient’s situation at
discharge, the level of mobilization, and the kind
of institution patients were discharged to were not
related to the SF-36 results. However, further
support with NIV and/or LTOT was related to the
PCS (P ¼ 0:024) with higher scores in patients not
receiving NIV and/or LTOT (Po0:012 in post hoc
test).
SGRQ
SGRQ scores are given in Table 3 and Fig. 3. Patients
with a longer time span between discharge and
HRQL assessment had lower symptoms-, activity-,
and total-scores of the SGRQ (P ¼ 0:017, 0.046,
and 0.028). Patients with different causes for
CRF differed significantly from each other in all
scales of the SGRQ (P-valueso0.01), even in
multivariate analysis with time between discharge
and HRQL evaluation as confounding factor
(P-valueso0.005). Patients with neuromuscular
disorders and COPD patients reported higher scores
than patients with restrictive respiratory disease
both in the impact- and in sum-scale (post hoc test:
P-valueso0.044).
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Table 3 SGRQ- and SF-36-scores for patients.
Score Patients n Mean SD Median Quartiles
SGRQ
Total All 73 56.9 24.3 57.3 43.2 75.5
COPD 31 65.3 18.7 63.2 52.3 83.2
Restrictive 15 43.5 20.8 45.3 29.5 53.3
Neuromuscular 11 69.9 20.4 75.5 57.6 85.5
Others 16 44.5 29.0 50.4 16.5 62.6
Impact All 73 50.2 27.6 47.9 29.1 73.8
COPD 31 56.9 24.5 53.8 33.4 76.2
Restrictive 15 33.3 22.8 37.2 9.9 44.3
Neuromuscular 11 71.2 18.3 74.9 60.4 81.5
Others 16 38.8 30.1 38.5 9.1 59.2
Symptoms All 73 49.8 27.7 48.3 28.3 75.6
COPD 31 61.1 22.8 58.2 37.9 79.7
Restrictive 15 39.2 27.2 30.9 22.8 52.5
Neuromuscular 11 51.9 26.8 50.9 24.5 76.2
Others 16 36.3 30.0 25.7 10.9 66.0
Activity All 73 72.1 28.1 79.7 59.5 92.5
COPD 31 82.4 17.1 85.9 70.6 100.0
Restrictive 15 61.9 25.0 60.4 53.2 79.5
Neuromuscular 11 78.4 31.7 92.5 53.9 100.0
Others 16 57.6 31.7 66.2 26.6 92.1
SF-36
Physical component All 53 32.6 11.0 31.0 23.9 39.3
Summary (PCS) COPD 23 29.8 8.9 27.1 23.8 35.9
Restrictive 13 37.3 11.0 39.4 27.7 42.4
Neuromuscular 5 24.3 6.6 21.3 21.2 23.8
Others 12 36.3 13.3 35.4 29.1 41.9
Mental component All 53 47.2 12.9 47.3 36.0 59.2
Summary (MCS) COPD 23 45.4 13.8 41.3 36.0 59.2
Restrictive 13 53.8 7.5 56.0 50.6 60.0
Neuromuscular 5 36.0 12.4 32.7 27.2 36.7
Others 12 48.0 13.1 45.9 36.5 59.8
Physical functioning All 73 26.0 27.9 15.0 0.0 40.0
Physical role All 69 26.1 39.6 0.0 0.0 50.0
Pain index All 65 60.4 31.8 60.0 32.0 100.0
General health All 68 39.0 23.1 37.0 21.0 52.0
Vitality All 68 39.5 24.0 40.0 25.0 56.7
Social functioning All 71 62.5 32.7 62.5 37.5 100.0
Emotional role All 63 48.7 47.8 33.3 0.0 100.0
Mental health All 68 61.2 23.6 60.0 44.0 82.0
Patients with various other diseases suffered mainly from obesity-hypoventilation, chronic congestive heart failure and central
hypoventilation syndrome.
S. Euteneuer et al.482The SGRQ activity- and total-score showed a
relation to the further support with NIV and/or
LTOT (P ¼ 0:001 and 0.042). Patients without any
further support had lower scores than patients
receiving LTOT alone (Po0:012 in post hoc test).
None of the physiological measurement parameters
at discharge were related to the SGRQ scores.Discussion
The presented data show that HRQL in patients
with CRF who survived prolonged MV on ICU is lower
than both the reference norm-population and
patients with chronic lung diseases who did not






















Figure 3 Scores of the four different SGRQ-components (activity-, impact-, symptoms- and total-scale) according to
different causes for CRF. Patients with various other diseases suffered mainly from obesity-hypoventilation, chronic
congestive heart failure and central hypoventilation syndrome.
Quality of life after long term mechanical ventilation 483as well as the sub collective of COPD patients HRQL
as measured by SF-36 was reduced when compared
to clinically stable COPD patients,26 similar to COPD
patients entering pulmonary rehabilitation pro-
grams,27 and higher when compared to patients
with end-stage COPD.28 Interestingly, all the pre-
sent patient’s SF-36 scores were nearly identical to
patients with CRF who were established on NIV
during stable state of disease.21 This might indicate
that the severity of CRF itself is the major
determinant for the impairment of HRQL. In
addition, this observation also suggests that pro-
longed MV and weaning as well as ICU care does not
necessarily lead to further impairment of HRQL in
the long-term course after recovery from the acute
condition. Nevertheless any comparisons between
our study collective and historical patient cohorts
have to be performed with caution, since different
conditions and different mixes of patients could
interfere with the results.
In the subgroup of patients with COPD, specific
HRQL as measured by the SGRQ was markedly lower
compared to the general population,29 but also
lower compared to stable COPD patients receiving
only inhalation therapy.30 However, SGRQ scores
were fairly comparable to the scores of patients
with COPD receiving NIV during stable state of
disease.31 This again indicates that the severity of
CRF itself is the major determinant for the
impairment of HRQL. However, these encouraging
results are valid only for the long-term survivors
and are, therefore, based on a positive patient-
selection. The extent of HRQL impairments of
patients who died while on the ICU or within thefirst 6 months after discharge following long-term
MV remains unclear.
Compared to studies which have investigated
HRQL after short-term ICU care and shorter times
of MV in patients with no or less severe CRF4–8
general HRQL was more impaired in the current
study. The main reason might have been the
existence of CRF which continued over the period
of ICU stay and therefore still affected HRQL even
after discharge from ICU, whereas patients in the
above-mentioned studies mainly suffered from
acute and fully reversible disorders that did not
compromise HRQL beyond the ICU stay. Accord-
ingly, the few patients with chronic underlying
diseases in addition to their acute disorder in the
study of Ridley et al.6 showed lower HRQL than the
larger part of patients without chronic disease. This
again supports the hypothesis that HRQL is pre-
dominantly influenced by CRF.
When compared to the present study the long-
term ventilated patients with CRF in the study by
Smith and Shneerson reported similar HRQL by SF-
36,10 even if the mean interval between discharge
and HRQL assessment was clearly shorter (13 versus
31 months in the present study). This might suggest
that the time of HRQL assessment after ICU care is
less important than the existence of CRF by itself.
However, this is speculative, since HRQL assessed
by the SGRQ increased with a larger time span
between discharge and HRQL assessment in pa-
tients of the present study. This observation might
still indicate that the time of HRQL assessment
after ICU stay might be an important determining
factor of HRQL. This is also supported by the finding
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between 6 and 24 months after discharge from ICU
in short-term ventilated patients.5 Here, 24-
months survivors in the mentioned study had a
better HRQL 6 months after ICU discharge than
patient who died between 6 and 24 months. As one
might expect this suggests that there is a selection
of the healthier patients who presumably have a
better HRQL due to passing of the more severely ill
patients prior to HRQL assessment. Second, there is
obviously room for health improvement after
discharge from ICU which might especially influ-
ence the HRQL results in the first months after
discharge. Lacasse et al. (1996) for example
showed the improvement of HRQL due to pulmon-
ary rehabilitation programs in respiratory pa-
tients.32
Another interesting finding of the present study is
the difference in the severity of physical and
mental HRQL impairments. It is conceivable that
mental health is reduced in patients with severe
physical handicaps and that mental health further
decreases following the personal experience of
being mechanically ventilated in an ICU for a longer
time-period. However, mental health was only
mildly reduced in the present study, although both
individually self-reported physical health and ob-
jectively measured functional parameters were
markedly reduced. This finding is in accordance
with the study of Smith and Shneerson10 as well as
with former studies including patients with severe
CRF who were established on NIV during stable
disease.21,33–35 Therefore, there is increasing evi-
dence that impaired physical health due to CRF
does not necessarily lead to mental limitations,
even if patients have stayed longer periods on ICU.
Further, in the present study patients with
restrictive ventilatory disorders reported better
mental and physical health than patients with
neuromuscular diseases or COPD. Their mental
health was even in the normal range. However,
patients with restrictive respiratory diseases most
commonly only suffer from chronic ventilatory
failure without further complaints while patients
with advanced COPD suffer from impairments such
as bronchospasm, chronic productive cough, need
for LTOT, frequent exacerbations and the need for
hospitalization, in the worst case mechanical
ventilation.36,37 In addition, depressions and anxi-
eties were identified in COPD patients more often
than in other diseases and have been shown to be
an important reason for impairments of HRQL in
this patients.35,38,39 Moreover, patients with neu-
romuscular diseases often suffer from a general
physical handicap, which entails dependency on
help in many basic activities of daily living (owndata, results not shown) and therefore compro-
mises HRQL. The influence of LTOT as well as the
lack of influence of NIV on HRQL in the present
study most likely reflects the influence of different
indications of NIV and LTOT rather than the
influence of the technical support itself.
There was also a lack of correlation between
physiological parameters such as blood gases or
lung function parameters and any of the HRQL
measurements. This is in accordance with previous
findings in patients with stable CRF21 and under-
lines that HRQL is an important outcome measure
which needs to be assessed independently from
physiological parameters. Although FEV1 has been
shown to be related to HRQL dimensions in pure
COPD patient collectives19,36,40 the patients in the
present study are more complex with their hetero-
geneous diseases, and are, therefore, affected by
several more factors indicating that no single lung
function parameter can predict HRQL in these
complex patients.Conclusion
The present study gives evidence that the presence
of CRF is the main factor which determines
impairments in HRQL in long-term survivors reco-
vering from prolonged MV on the ICU. In view of the
increasing number of long-term ventilator-depen-
dent patients this is an important finding which
should be considered by the clinician. Here, the
underlying cause of CRF is the major factor which
determines the degree of HRQL impairment with
patients suffering from restrictive ventilatory dis-
orders reporting the best HRQL when compared to
patients with COPD or neuromuscular diseases.
Moreover, the study has shown that mental health is
only mildly reduced despite severe physical handi-
caps which are due to CRF and despite the
experience of a prolonged time on the ICU. There-
fore, the findings of our study suggest that the life
is worth living even in patients with severe CRF
surviving a long-term ICU stay with the need for
long-term MV. Further prospective studies are
needed to prove the recent findings, to identify
additional factors that influence HRQL and to
investigate the time-course of HRQL in survivors
after prolonged MV due to acute deterioration
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